Metabolic parameters and renal function were studied in two subjects before, during and after they established a world two-man 24 hour relay record. During the race, the athletes expended an estimated 37.747 We conclude that, although C-reactive protein concentrations increased sooner and were higher than other shorter events and although creatinine, urine excretion and urine osmolality decreased markedly, the intermittent nature of the event, the mild environmental conditions, the moderate percentage of VO2max maintained by the well conditioned subjects and a high fluid intake enabled a rapid return to normality and indeed to enhanced renal tubular function. The only moderate increases in body temperature would be due to the same factors.
Introduction
Numerous studies have reported physiological and biochemical changes during running events of one to four hours duration either on a single day or on consecutive days1'2, or of running events lasting up to 11 hours3-7. Few have studied running'2 or cycling"3 events lasting up to 24 hours.
In view of the relative paucity of this information, we chose to study two men who ran one mile at a time, sequentially in relay for a 24 hour period during which they set a new world record for this event. We studied changes in a variety of physiological and biochemical variables at regular intervals during the 24 hour period in order to establish possible factors determining success in this event.
Materials and methods
The subjects for this study were experienced runners, each having run more than 50 42.2 km standard marathons. Both have completed the 90 km Comrades ultramarathon on at least six occasions with best times of 5 h 58 min and 6 h 30 min. Prior to the relay race, which was run on a tartan track under very mild environmental conditions (range of Wet Bulb Globe Temperature Index = 9.7-16.30C), the athletes reported to the laboratory for the measurement of maximum oxygen consumption and running economy during submaximal exercise by methods previously described"4.
Measurements of renal function, daily blood and 24 hour urine collections were made for two days before and for two days after the 24 hours of the race. During the race, the athletes were weighed every hour on an electronic scale (Vogel and Halke, Hamburg, West Germany) and their rectal temperatures were measured. Blood samples were drawn by venepuncture every three hours with minimal stasis and in a consistent posture. All urine passed was collected, the volumes measured and aliquots stored frozen for subsequent anaylsis. Plasma and urine electrolytes were determined by flame photometry (model I.L. 435), creatinine by the Jaffee reaction measured on a model 1. L. 919 spectrophotometer, and osmolality by the depression of freezing point using an automatic osmometer (Gonotec: Osmomat 030).
Serum C-reactive protein (CRP) concentration was measured by the Laurell Rocket Electrophoretic assay, (Figure 1 ).
Plasma urea, creatinine, B2-microglobulin and Creactive protein concentrations rose during the race ( Figure 2) ; the latter reached peak levels of 2.7 and 3.9 mg% on the post-race day. Plasma osmolality decreased in one runner during the race and was elevated in both on the post-race day (Figure 2) .
Measured urine excretion and calculated production rates (Figure 3) showed that the increase in plasma creatinine concentrations was mainly due to a reduced rate of creatinine excretion whereas the increase in serum urea concentration was due to both an increased rate of production ( figure (Figure 4) , but there was a rapid return to higher than normal values on the two post-race days. Renal osmolal clearance fell during the race and remained low for the 48 hours thereafter (Figure 4) .
Unexpectedly, there was no decreased urine sodium excretion by the kidneys during the race period ( Figure 5 ), but the sodium excretion fell to 14 and 16 per cent of pre-race values on day 1 and to 12 and 8 per cent on day 2. There was also a lesser reduction in potassium excretion on these days ( Figure 5 ), while urea excretion which had decreased by 18 and 26 per cent on the race day, was increased on post-race days 1 and 2 ( Figure 3) .
A proteinuria occurred during the race ( Figure 6 
Metabolic and thermoregulatory changes
Metabolic changes during the race were the same as measured during shorter distance races. Serum free fatty acid levels rose progressively during the run reaching values of 2108 and 1875 pmol.m after 24 hours. Serum insulin levels fell despite a regular intake of food which was not the case after a 100 km run". Blood glucose levels were elevated for the duration of the race (Figure 1 ). These changes are essentially similar to those measured after continuous running in marathon1 and ultramarathon races "'8' and other intermittent events lasting 24 hours9. Mean serum C-reactive protein concentration rose during the race reaching peaks of 2.7 and 3.9 mg% on day 1 (Figure 2) 
Changes in renal function
Creatinine and osmolal clearances fell markedly during the run in spite of increased urine flow rates ( Figure  4) . Exercise usually exerts an anti-diuretic effect23 even under conditions of hyperhydration2'. Although creatinine clearance commonly falls during exercise, this decrease can be inhibited by increased hydration,23 and our previous studies showed that creatinine clearance can be maintained when measured over the duration of a marathon21 or ultramarathon races of up to 90 km2'26. It would seem that, in spite of adequate hydration and an increased urine flow rate, the very prolonged nature of this activity and the extra distance covered were the factors determining the fall in creatinine and osmolal clearances. These changes were however transient, with return to normal renal function within 24 hours after the race. The increases in plasma urea ( Figure 2 ) wei caused by decreased urine secretion, but creased production (Figure 3) in glomerular permeability ( Figure 6 ). Owing to the marked increase in plasm globulin levels (Figure 2) , at least part of the urine 132-microglobulin excretion may has from saturation of the tubular reabsorptio rather than from tubular dysfunction as is in the renal clearance rate (Figure 6 ). The rapi( renal tubular reabsorption capacity during the subsequent days after the race indicates a rapid normalization of renal tubular function ( Figure 6 ). Indeed, the excretion and clearance values recorded (Figure 6 ), indicate that renal tubular function was enhanced during the two post-race days.
Intercompartmental fluid shifts have been shown to occur after long-distance runninge 29'30 , with an initial influx of protein into the vascular compartment forming an osmotic basis for the retention of water in the compartment25-0. Despite moderately high rates of '---water loss (means of 1472 and 1246 ml hr-1 and weight losses of 4.3 and 5.2 per cent), plasma osmolality decreased in one runner (GD) during the race (Figure 2) , suggesting that plasma volume was increased as has been reported previously in long-distance runners25'31.
Plasma sodium concentrations remained consistent for the entire experimental period in spite of increased tubular sodium reabsorption as indicated by the redution in urinary sodium excretion on the post-race days ( Figure 5 ). The decreased rate of sodium excretion was still present on the second post-race day. Renal sodium conservation therefore persisted for longer O--=28 than has been reported after marathon and ultra-, marathon races21'25'6.
In summary, in spite of jointly running a world record distance of 321.6 km in less than 24 hours during which each runner expended an average of 40.313 kJ, metabolic and renal changes were adaptive. Serum blood glucose levels remained within normal levels, plasma insulin levels were decreased and there was a steady increase in plasma free fatty acid levels. The increases in plasma urea and 32-microglobulin concentrations were due mainly to increased production.
However, in spite of an increase in urine output, creatinine and urea excretion were decreased as was creatinine clearance. These levels returned to normal 0-, on the post-race day. Urinary total protein and P2-mic- bly indicating enhanced renal tubular funtion. Osmolal clearance and urine osmolality were decreased during the race, but the latter increased during the post-race days to above pre-race levels in both runners, in spite of a reduced urine sodium excretion on re not only those days. also by inWe conclude that, owing to pre-race conditioning, due to the the low percentage of V02 max utilized, the intermitbstrate for tent nature of the event which allowed time for adequate fluid and calorie replacement, and the very einuria de 
